INTRODUCTION
this is the case of the Bay of Biscay. There are complete studies on nutrients and the quality of the waters running The general knowledge of chemical mass balance [12] in into the bay from the French large rivers, such as the major world rivers contributing to the ocean [ 1 I] and, Loire [5, 151 and the Garonne [9, 171 . Conversely, the particularly, the nitrogen and phosphorus river fluxes [ 131 flow of nutritive elements from the Cantabrian fluvial are substantial. There is far less information, hovewer, on basin is practically unknown. In this part of the Bay of small water flows, which may have an important local Biscay flow a countless number of small water courses. bearing as regards coastal fertilisation. An example of These may be classified [ 161 as small rivers (with an average annual flow of between i0 and 100 m'.s-') and streams (between 1 and 10 rns.s-'). Biologically orientated works on phytoplankton and primary production have hardly considered nutrient flux into the Cantabrian coast. The winter mixing in terms of the spring bloom [6, 7] and the upwellings [3] were the only nutrient sources taken into consideration and the contribution of the rivers in coastal fertilization was not considered.
The recent trend to perform biogeochemical balances in land-coastal margin systems 1211 and river outputs 1141 requires quantification and evaluation of the continental contributions. The only overall estimate available in the Spanish coastal zone of the Bay of Biscay attributes to rivers the 6-7 % of total nitrate and phosphate contribution to the Cantabrian coast during summer [19] . Although local studies also exist [2, 41, it is necessary to quantify and discuss the importance of river contributions of nutrients to the Cantabrian coastal environment. This is dealt with for the first time in this paper.
SURVEY AREA AND DATA
The Spanish coast of the Bay of Biscay (figure I) is 1 230 km !ong, from Galicia to France. Its continental shelf is narrow: ranging from 15 to 40 km wide. Several short but relatively large rivers flow out along the coast shaping the Cantabrian fluvial system, which covers an area of 19 000 km'. In general, these rivers occupy small basins. Thus, 17 basins have less than 1 000 km2 of surface (table I) , the surface of five basin (Deva, Navia, Nervion, Saja and Sella) ranges between 1 000 and 2 000 km'; the Nalon basin is the exception with a surface of 4 866 km'.
The Cantabrian has an Atlantic-type rainfall system [20] with slight nivopluvial influences as it rises in the Cantabrian Range and in the Basque Mountain System (> 1 600 m altitude). The average annual flow is low, below 40 m3s-', excepting Nalon and Navia ( Evaiuation of the possible nutrient enrichment of the Cantabrian rivers may be deduced from the concentrations. Deva, Nervion, Nalon and Urola are probably the most affected by anthropogenic inputs of nitrate and phosphate. Their average nitrate concentration is between 10 and 25 times greater than the levels noted by Meybeck [ 131 for the natural levels in unpolluted rivers. Conversely, the Deba, Esva, Navia and Sella Rivers contain the most unpolluted waters with nutrients.
The diagrams of freshwa.ter river flows versus their nutrient concentrations, i.e. caudal-concentration (QC) distributions, show examples of typical profiles in Cantabrian rivers (figure 2). In general, these diagrams show patterns of nutrient concentrations with water discharge as described by Meybeck et al. [16] : DIN, as Oria in figure   2 , shows a limited increase or a falloff in concentration at high discharges. This is the case of all Cantabrian rivers except for Deba, Esva and Navia, which present a cloud of points and Deva and Nalon (see Q-DIN diagram for Nalon in figure  2) , which, exceptionally, have a phosphate-type profile. This profile corresponds to situations of point source discharges, such as municipal sewage. In these priofiles the phosphate QC curve shows a general decrease in concentration with discharge, which implies increasing dilution of a substance introduced at a constant rate [ 161. It is the case of all rivers for phosphate (such as Nervion; figure 2), except Besaya and Esva, which have a profile similar to the Sella infigure 2. Navia shows a cloud of points. Finally, silicate usually presents a phosphate type (such as Eo or Ason infigure 2), but the number of dates available are scarce in comparison with the other nutrients.
At low river discharge, the range of nutrient concentration is high. It could be due, as occurs in estuaries [l] , to the increase of photosynthetic activity of freshwater phytoplankton, the remineralisation of organic matter or a higher anthropogenic influence in summer when the water flow is low.
Although nitrite and ammonium may also have a coastal fertilising effect, their fluxes to the Cantabrian Sea have not been significant due to their whole low concentration (Cantabrian river average is 92 % of nitrate in DIN). Nitrite and ammonium percentage varies from 14 % of DIN for Deva and Naldn to 4 % of DIN for Sella and Saja. Nitrate is therefore the main source of inorganic river nitrogen to the Cantabrian coast, as generally occurs in river waters (> 84 % of the inorganic nitrogen corresponds to nitrate [ 131).
Nutrient river inputs to ~a~ta~r~a~ Sea
To calculate the fluvial inputs to the Cantabrian Sea and to provide an estimation of the inputs of each river, the equations indicated in table ZZ have been obtained. For phosphate and DIN, the best fitting corresponds to quadratic equations and to silicate linear equations.
According to the annual averaged flows shown in tnble I and the equations in table II, the main contribution of nutrients to the sea is due to 1) the NaMn River, with fluxes of 7.3 mol.s-' of N and 0.81 mol.s-' of P; 2) the Nervi6n River with 4.5 mol.s-' of N and 0.25 rno1.s~' of P; 3) the group of rivers comprising the Bidasoa, Deba, Navia, Oria, Saja and Urola with flows of 3.0-1.3 mol.s-' of N and 0.11-0.05 mol.s-' of P; 4) the remain water courses presenting low values, 0'8-0.2 molX' of N and c 0.04 mol.s-' of P. Silicate fluxes are in accordance with river flows @gure 3). This figure shows the natural concentrations of silicate, as may be expected since this nutrient is not altered by anthropogenic influences. Thus, to estimate the silicate inputs of all the rivers, it is possible to calculate the flux of seven rivers without silicate concentration values using the equation offigure 3. The opposite occurs with phosphate and DIN whose concentration should be affected by urban waste and agricultural fertilisers. For these, a correction is made according to the river flow without DIN or phosphate information. The Cantabrian fluxes are mainly due to the Nal6n River, which contributes 33 % of nitrate, 39 % phosphate and 15 % of silicate (/?gure 4). These are small values in comparison with the river contributions of nutrient salts from the French basin. Its two main rivers, the Loire (838 m3.se1, [15] ) and the. Garonne (761 m3.s-', [S] ), each have an average annual flow almost double that of the Cantabrian basin. Nutrient fluxes are also far more significant: only the Loire River annually transports 6.4 x lo9 mol of N of nitrate, 0.11 x 10" mol of P of phosphate and 14.6 x lo9 mol of Si [15] . A further difference between the two basins is that the contribution from the Cantabrian basin into the Bay of Biscay is distributed among several small rivers and streams. The flow, therefore, is dispersed throughout the coastal area and no large coastal plumes are formed, as is the case on the French coast [9] . Data on surface salinity at the end of winter [lo] just show a slight decrease in salinity in the coastal area adjacent to the Naldn River.
From April to September, when primary production is high in Cantabrian Sea waters [6] , the importance of the REFERENCES continental source in coastal fertilisation could be evaluated from the DIN river contribution since it is usually the limiting nutrient in seawater. During this time period, the rivers inputs are 305 m3K1 and 17.6 molK' N in DIN. This value is only l/4 and 213 of inputs to the Ria of Vigo in summer with and without upwelling [18] , i.e. Cantabrian continental contributions of DIN are very low. Nitrate content in coastal waters of the Cantabrian Sea (O-50 m depth) in summer is 2.7 x lo9 mol of N [19] and DIN river outputs to that coastal zone is 0.27 x lo9 mol of N in DIN. Thus, it would justify approximately 10 % of said total. These percentages suggest also the little overall importance of river contributions, as occurs in the Galician Sea, where runoff have similar rivers [22] . Taking into account other nutrients, the Cantabrian river inputs are 1.31 rno1.s~' of P' and 22.6 mol.s-' of Si. Therefore, it could be noted that there is no disequilibrium among nutrient fluxes to the sea. They are low and it may be assumed, in general, that the fertilising effect of landcoastal nutrient fluxes will only affect estuarine zones at the mouth of the Cantabrian rivers in spring and summer.
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